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Modern  bioenergy  systems  have  received  growing  attention  for  their  potential  as  a  substitute  for  fossil 
fuels  and  are  strongly  promoted  in  many  regions.  At  the  same  time  large  scale  industrialized  farming  in 
general  and  intensive  energy  cropping  in  particular  are  increasingly  drawing  criticism  from  various 
stakeholders.  Organic  farming  systems  seem  to  successfully  tackle  agricultural  sustainability  questions  at 
least  in  regard  to  ecological  dimensions.  Still,  apart  from  chemical  inputs  organic  systems  are  as  much 
dependent  on  non-renewable  energy  sources  as  conventional  systems.  This  article  deals  with  the 
question  whether  the  topics  of  organic  farming  (OF)  and  bioenergy  (BE)  are  at  all  combined  or  addressed 
in  alliance  within  scientific  literature.  By  means  of  descriptive  scientometric  measures  the  present  study 
analyzes  OF-  and  BE-literature  retrieved  from  Thompson  Reuters’  Web  of  Science  database  in  order  to 
generate  insights  on  development,  dynamics,  structure  and  distribution  of  OF/BE-research  literature. 
Despite  possible  barriers  for  research  in  this  interdisciplinary  sub-field  and  its  current  niche  character 
we  conclude  that  research  efforts  in  OF/BE  might  be  expedient  and  scientifically  rewarding. 
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1.  Introduction 

In  view  of  limited  natural  resources  and  the  ecological  and 
socioeconomic  crises  of  the  past  30  years  [1,2]  two  major  global 
challenges  have  emerged:  the  sustainability  of  energy  supply  and 
the  sustainability  of  agricultural  land-use  systems.  Over  the  past 
three  decades  two  prominent  approaches  to  meet  these  challenges 
have  evolved:  (i)  the  substitution  of  fossil  energy  sources  with 
renewable  ones  and  (ii)  the  development  of  more  sustainable 
farming  systems.  The  advancement  of  renewable  energies  has  led 
to  a  strong  expansion  of  modern  bioenergy  systems.  Organic 
agriculture  -  a  low  input  farming  system  emulating  natural  closed 
cycles  of  matter  -  has  been  promoted  as  more  sustainable  farming 
system  and  raised  scientific  and  political  attention.  However,  both 
approaches  may  be  falling  too  short  and  are  drawing  criticism  for 
different  reasons.  Agricultural  biomass  production  for  energy 
generation  poses  new  threats  to  the  sustainability  of  land-use 
systems,  whereas  organic  farming  is  also  depending  on  and 
extensively  using  fossil  fuels.  So  not  only  are  bioenergy  and 
organic  farming  merely  partial  solutions  to  sustainability  issues 
but  they  are  also  interconnected.  Hence,  a  combined  perspective  of 
the  two  might  benefit  efforts  to  meet  current  global  challenges. 

This  study  therefore  examines  agricultural  and  bioenergy 
research  literature  to  analyze  the  status  of  the  two  topics,  organic 
farming  and  biomass  energy,  in  agricultural  and  renewable  energy 
science.  The  descriptive  scientometric  measures  applied  here 
provide  insights  on  the  general  development  of  scientific  publica¬ 
tion  fields.  Thereby,  this  study  quantitatively  analyzes  abundance 
and  dynamic  of  publications  on  two  highly  relevant  topics  of 
sustainable  development.  With  the  help  of  the  scientometric 
indicators  we  show  to  what  extent  journal  publications  are  taking 
a  concurrent  view  on  organic  agricultural  systems  and  bioenergy. 
Furthermore,  bibliometric  data  allow  us  to  analyze  the  structure 
and  distribution  of  scientific  interest  in  the  combination  of  organic 
farming  and  biomass  energy  issues.  Information  on  authors, 
institutions,  and  journals  of  the  analyzed  papers  are  compared. 
Thereby,  the  focus  within  the  disciplines  of  agricultural  and 
bioenergy  sciences  as  well  as  regional  “hot  spots”  of  this  particular 
research  interest  are  identified. 

The  article  is  structured  as  follows.  First,  the  views  and 
challenges  on  energy  and  agriculture  are  briefly  described  and 
problems  of  resource  allocation  connected  with  bioenergy  and 
farming  are  reviewed  from  both  angles.  Subsequently,  a  coherent 
view  elaborates  on  the  rationale  of  combining  the  two  topics — 
thereby  elucidating  the  starting  point  for  our  review  and  present¬ 
ing  previous  research  relevant  to  our  study.  In  the  methods  section 
detailed  information  is  presented  on  the  literature  search  and  a 
brief  introduction  to  the  scientometric  measures  applied  is  given. 
Results  are  presented  for  (i)  development  and  dynamic  of  the 
research  fields  and  (ii)  structure  and  distribution  of  publications. 

After  the  results  are  discussed  the  paper  concludes  with 
recommendations  for  stakeholders  and  a  general  appraisement 
of  the  study. 

3.3.  The  energy  angle 

Traditionally,  the  production,  conversion  and  utilization  of 
biomass  for  energetic  purposes  has  been  an  integral  part  of 
agricultural  systems  [3].  Biomass  covered  agriculture's  internal 
energy  needs  and  in  some  cases  also  ensured  nutrient  cycling  [4]. 
Before  the  modern  agricultural  revolution  in  industrialized  coun¬ 
tries,  energy  consumption  for  farming  was  mainly  based  on  solar 
energy;  either  directly  (e.g.  in  post-harvest  processes  such  as 
drying)  or  indirectly  through  biomass  energy  (e.g.  through  photo¬ 
synthesis  in  fodder  crops  for  animal  draft  power).  The  decoupling 
of  agricultural  and  energy  production  during  the  20th  century 


made  it  possible  for  farmers  to  concentrate  on  cash  crop  produc¬ 
tion,  which  was  backed  and  accelerated  by  the  industrialization  of 
food  systems.  This  agricultural  transformation  has  mainly  been 
based  on  [5-8]: 

•  fossil  fuels  replacing  bioenergy  sources  for  tillage  and  nitrogen 
fixation, 

•  increased  use  of  external  inputs, 

•  new  technologies  often  associated  with  fossil  fuel  and  material 
inputs, 

•  as  well  as  knowledge. 

However,  there  is  growing  evidence  for  and  increasing  concern 
about [9-11] 

•  environmental  limits  on  continued  high  dependence  of  agri¬ 
culture  on  fossil  fuels  and  materials, 

•  rising  prices  of  energy  and  material  inputs,  as  well  as 

•  competition  between  food  and  energy  production. 

Furthermore,  while  various  positive  feedbacks  have  supported 
development  processes  in  the  past  (e.g.  increased  productivity, 
capital  accumulation,  improved  health,  etc.)  some  of  these  may  be 
reaching  their  limits  while  negative  repercussions  of  fossil  fuel  use 
become  increasingly  important.  These  encompass  limits  to  fossil 
and  natural  resource  availability  (e.g.  oil,  land),  loss  of  natural 
resources  due  to  over-exploitation  (e.g.  water)  and  degradation 
(e.g.  soils),  reduced  productivity  due  to  waste  or  pollution,  as  well 
as  emission  induced  climate  change  and  the  associated  losses  of 
(agro-)ecosystem  biodiversity,  stability  and  productivity. 

Against  this  backdrop  interest  in  renewable  energies  has  grown 
and  led  to  a  boost  in  bioenergy  (BE)  utilization  in  many  regions  in 
recent  years.  Regarding  the  main  sources  of  biomass  -  agriculture, 
forests  and  waste  -  agricultural  biomass  is  generally  considered  to 
have  the  greatest  energy  potentials  [12],  To  unlock  and  utilize 
these  potentials  in  a  sustainable  manner  remains  a  major  chal¬ 
lenge  [13].  While  biomass  energy  production  seems  inevitable  to 
curb  negative  effects  of  greenhouse  gas  (GHG)  emissions  from 
non-renewable  resources  and  to  replace  depleting  fossil  fuels  [14], 
questions  of  sustainability  regarding  biomass  production  in  con¬ 
ventional  agricultural  systems  arise  [15-17]  and  more  sustainable 
BE-systems  have  been  called  for  [18,13], 

3.2.  The  agricultural  angle 

Agricultural  land-use  has  been  drawing  continuous  criticism 
due  to  associated  negative  external  effects  of  intensive  farming 
practice.  Pivotal  developments  in  modern  agriculture  that  have  led 
to  doubts  regarding  the  long-term  viability  of  current  production 
systems  have  been  summed  up  e.g.  by  [19].  Agricultural  sustain¬ 
ability  has  been  investigated  in  various  aspects  such  as  environ¬ 
mental  pollution,  biodiversity,  resource  efficiency,  GHG  emissions, 
land  degradation,  soil  erosion,  rural  livelihoods,  animal  welfare, 
and  economic  viability  of  farming  systems.  The  concept  of  agri¬ 
cultural  sustainability  has  long  been  discussed  in  science  [20],  yet 
the  common  focus  is  often  limited  to  environmental  and  ecological 
dimensions  of  agricultural  systems.  Limited  and/or  depleting 
resources  (land,  water,  fossil  fuels,  phosphorus,  etc.),  an  ever¬ 
growing  demand  for  agricultural  products  (food,  fiber,  fuel,  raw 
materials  for  industry)  as  well  as  repercussions  from  environ¬ 
mental  externalities  of  industrialized  farming  have  led  agricultural 
scientists  to  examine,  evaluate,  and  compare  different  agricultural 
production  systems  [21-24]. 

An  agricultural  production  system  frequently  stated  to  be 
sustainable  is  organic  farming.  Modern  organic  farming  (OF)  as 
defined  by  the  International  Federation  of  Organic  Agricultural 
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Movements  (IFOAM)  is  often  viewed  as  a  sustainable  land-use 
system  due  to  its  beneficial  environmental  effects  and  the  reduc¬ 
tion  of  negative  externalities  [25],  The  four  constituent  IFOAM 
Principles  of  (i)  health,  (ii)  ecology,  (iii)  fairness  and  (iv)  care 
encompass  all  three  sustainability  dimensions.  The  principles  aim 
at  the  establishment  of  an  environmentally  and  ethically  sound 
agricultural  production  system.  Over  the  past  three  decades, 
organic  agriculture  has  attracted  substantial  scientific  attention 
[26]  in  reaction  to  the  challenges  posed  on  land-use,  health,  food 
supply,  and  eco-system  functions.  Although  evidence  in  some 
aspects  is  disputed  [27],  at  least  from  an  environmental  perspec¬ 
tive  agricultural  research  has  confirmed  that  OF-systems  in  many 
regards  are  in  fact  more  sustainable  [28,29,23]. 

However,  regarding  its  energy  needs  modern  OF-  systems  must 
not  be  underestimated.  Although  the  energy  efficiency  in  OF  is 
higher  than  in  comparable  conventional  systems  [30,23],  the 
question  of  sources  of  energy  consumed  in  OF  is  important 
when  discussing  the  system's  sustainability  [31  j.  In  most  cases, 
especially  in  modern  mechanized  production  and  processing 
systems,  organic  agriculture  as  well  is  strongly  dependent  on 
fossil  fuels  [32], 

3.3.  A  coherent  view? 

So  the  question  arises  whether  there  is  scientific  interest  in  the 
alliance  of  OF  and  BE?  Taking  into  account  the  relevancy  elabo¬ 
rated  above  of  the  OF  and  BE  topics  in  regard  to  current  sustain¬ 
ability  questions  and  the  general  conception  of  science  tackling 
the  pressing  societal  challenges  lead  to  the  hypothesis  that  there  is 
research  activity  at  the  intersection  of  organic  agriculture  and 
bioenergy. 

There  have  been  conceptual  attempts  to  sum  up  the  key  topics 
of  BE-production  within  OF-  systems  earlier  [33,34]:  e.g.  trade-offs 
in  sustainability  or  contradictions  of  BE  with  organic  principles,  as 
well  as  issues  arising  from  possible  conflicts  between  the  current 
industrialized  biomass  production  systems  on  one  hand  and 
organic  food  production  on  the  other  (e.g.  competition  for  rented 
land).  To  the  knowledge  of  the  authors,  however,  no  study  has 
been  published  that  might  render  conclusive  scientometric  or 
bibliometric  information  on  OF/BE-research.  Neither  the  research 
sub-field  as  such,  nor  its  structure  or  development,  have  been 
subject  to  systematic  analysis  before. 

Therefore,  in  order  to  test  the  hypothesis  and  to  explore  the 
field,  this  article  aims  at  providing  a  systematic  insight  into  the 
structure  and  development  of  research  at  the  intersection  of  OF 
and  BE  by  identifying  and  analyzing  the  corpus  of  scientific 
literature  in  the  field.  The  goal  is  to  quantitatively  define  the 
status  of  research  in  the  context  of  OF  and  BE  and  to  reflect  on  past 
and  future  developments  in  the  field. 


2.  Methodology 

2.1.  Literature  search 


(ii)  organic  farming  (OF): 

TS= (“organic  agriculture”  OR  “organic  farm*”),  and 

(iii)  bioenergy  (BE): 

TS= (“bioenergy*”  OR  “biofuel*”  OR  “bioethanoP”  OR  “biodiesel*” 
OR  “biogas*”  OR  “anaerobic  digestion”). 

By  combining  the  three  search  sets  the  relevant  articles  in 
agricultural  bioenergy  research  (ACR/BE)  and  organic  agricultural 
bioenergy  research  (OF/BE)  were  filtered  from  the  search  results. 
Results  were  limited  to  articles  in  English  language.  The  timespan 
included  January  1980  until  March  2012,  thereby,  taking  into 
account  that  both  bioenergy  production  and  organic  agriculture 
were  hardly  subject  to  scientific  investigation  before  the  1980s. 
Also,  preliminary  searches  of  WoS  showed  that  there  has  not  been 
a  continuous  publication  activity  in  OF  or  BE,  respectively,  until  the 
mid-1980s. 


2.2.  Literature  analysis 


The  unit  of  analysis  is  the  individual  paper.  In  order  to  describe 
the  corpus  of  literature  and  to  gather  insights  into  the  field  of 
research,  analysis  focused  on  papers'  year  of  publication,  journal 
title,  authors,  authors'  affiliation  and  country.  Furthermore,  jour¬ 
nals  were  categorized  according  to  their  statement  of  aims  and 
scope:  (i)  agriculture  and  agro-ecology,  (ii)  energy,  biotechnology 
and  engineering,  (iii)  socioeconomics,  and  (iv)  environment  and 
earth  science. 

In  order  to  assess  the  importance  of  the  field  as  such  and  as  a 
sub-field  of  ACR/BE-  and  OF-research,  respectively,  the  OF/BE-set 
was  compared  with  the  AGR/BE-  and  OF-sets  as  well  as  their 
relative  shares  in  AGR-research.  Comparisons  were  conducted 
between  the  sub-sets  for  the  following  variables:  number  of 
papers,  journal  category,  author,  and  author's  affiliation,  as  well 
as  indicators  for  publication  growth  and  development. 

The  development  of  the  research  fields  was  reviewed  by  the 
mean  annual  percentage  rate  of  publication  growth  (MAPR; 
Eq.  (1)),  which  frequently  serves  as  a  rough  approximation  to 
the  growth  of  scientific  knowledge  [35]: 

MAPR  =  -  X  100  Py~Py~'  (1) 

f  y  =  l  “y-i 


where  Py  is  the  number  of  papers  in  the  yth  year  and  t  is  the 
analyzed  time  period  in  years. 

Dynamics  in  the  growth  of  the  different  fields  of  research  were 
examined  with  the  2T-equation  (Eq.  (2))  describing  the  doubling 
time  of  a  corpus  of  literature  in  a  certain  time  [36]: 


0.301  (t — 1 ) 
logPf-logP, 


(2) 


where  Pi  is  the  number  of  papers  in  the  initial  year  and  Pt  the 
cumulative  number  of  articles  in  the  tth  year.  Analysis  of  publica¬ 
tion  growth  and  sub-set  comparisons  were  conducted  for  entire 
years  only. 


Research  papers  referring  to  both  organic  agriculture  (OF)  and 
bioenergy  (BE)  were  gathered  from  the  “ISI — Web  of  Science” 
database  (WoS).  The  literature  search  was  conducted  via  topic 
search  (TS)  including  articles'  title,  abstract,  author,  keywords,  and 
Keywords  Plus.  Thomson  Reuters’  Keywords  Plus  are  index  terms 
created  from  significant,  frequently  occurring  words  in  the  titles  of 
an  article's  cited  references. 

Boolean  operators  were  used  to  combine  search  terms  as  follows: 

(i)  agriculture  in  general  (AGR): 

TS=( agriculture  OR  farm*), 


3.  Results 

The  search  identified  123,606  articles  in  the  field  of  agriculture 
and  farming  in  general  (AGR)  for  the  period  of  1980  to  March  2012. 
The  basic  set  of  BE-papers  comprises  of  22,124  articles.  A  sub-set 
of  1,266  AGR/BE-papers  could  be  identified  by  combination  of  the 
two  general  sets  of  documents.  The  search  resulted  in  another  set 
of  2483  research  articles  with  a  focus  on  OF  which  completely 
represents  a  sub-set  of  AGR.  The  symbolic  structure  of  the  search 
sets  is  depicted  in  Fig.  1. 
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Fig.  1.  Symbolic  structure  and  sectional  areas  of  the  search  sets  (AGR=agriculture; 
BE=bioenergy;  OF— organic  agriculture;  AGR/BE=agricultural  bioenergy;  OF/BE— 
organic  agricultural  bioenergy). 


3.1.  Development  and  dynamic  of  OF/BE-research 

The  search  yielded  46  organic  agricultural  research  papers  with 
reference  to  the  topic  of  bioenergy  production  or  vice  versa.  A 
combination  of  the  two  topics  does  not  appear  regularly  in  the 
WoS  database  until  the  year  2004.  Bioenergy  research  is  not  only  a 
niche  in  organic  agricultural  science  but  also  a  rather  new  one. 
Before  2004  only  3  papers  had  been  published:  one  each  in  1992, 
‘93  and  '99  (Fig.  2).  Since  2004  (1  OF/BE-paper)  there  is  continuous 
publication  activity  with  a  recent  peak  of  11  research  articles 
in  2011. 


Fig.  2.  Articles  in  the  field  of  OF/BE  in  the  years  1992-2011. 


3.1.1.  Publication  growth 

A  strong  publication  growth  can  be  observed  in  the  field  of  OF/ 
BE.  For  the  years  2004  to  2011  the  MAPR  is  averaging  about  60%. 
This  may  partly  be  a  sign  of  vivid  scientific  interest  and  increasing 
publication  activity.  However,  to  a  large  extent  the  high  average 
growth  rate  is  due  to  the  small  number  of  publications  (Fig.  2).  The 
initial  phase  of  evolving  research  areas  is  characterized  by  low 
paper  output  and  high  variability  in  annual  growth  rates  [35]. 
Standard  deviation  (SD)  in  the  case  of  publication  growth  rates  for 
OF/BE-articles  during  2004  to  2011  is  101. 

MAPR  for  the  field  of  OF  (13.5%;  SD=8)  has  approximated  that 
of  AGR  (10%;  SD=5),  whereas  publication  counts  for  AGR/BE  have 
grown  at  an  average  rate  of  40%  (SD  =  25)  in  the  years  2004  to 
2011.  Apparently,  the  agricultural  bioenergy  fields  (AGR/BE  and 
OF/BE)  develop  more  dynamically  than  the  agricultural  sciences  in 
general  (AGR  and  OF).  So  while  MAPR  in  OF/BE  is  very  high,  MAPRs 
in  the  established  research  fields  with  continuous  publication 
activity  since  the  1980s  (OF  and  AGR/BE)  are  lower,  but  in  case 
of  AGR/BE-papers  not  significantly  lower  than  for  the  field  of  OF/ 
BE.  Nevertheless,  the  low  absolute  number  of  articles  makes  it 
difficult  to  compare  publication  development  in  newly  evolving 


OF/BE  and  the  agricultural  sub-fields  OF  and  AGR/BE  via  absolute 
numbers  and  MAPR. 

Comparisons  of  the  first  8  years  of  continuous  publication 
activity  in  OF/BE  (2004-2011)  with  the  early  phases  of  OF-  or 
AGR/BE-research  might  show  tendencies  of  how  strong  the  parti¬ 
cular  topic  developed  when  it  was  first  subject  to  scientific 
interest.  However,  comparing  the  years  2004-2011  with  an  8  year 
timespan  in  the  late  1980s  and  early  1990s  would  not  be  valid, 
since  the  scientific  publication  behavior  and  its  relevancy  have 
undergone  dramatic  changes,  as  has  the  overall  situation  of 
research  and  science  publishing  [35]. 


3.2.2.  Doubling  time 

In  contrast  to  the  MAPR  the  logarithmic  2 T  function  for 
calculating  the  doubling  time  of  research  articles  is  not  as  biased 
by  highly  divergent  publication  counts  when  comparing  fields  of 
science  [35].  In  AGR  the  cumulative  publications  in  the  recent  past 
(2004-2011)  double  every  other  year  (21=1.93  years)  while  OF 
publications  double  only  slightly  sooner  (2T=  1.81  years)  (Table  1 ). 
Again,  the  different  evolutionary  stages  of  the  research  fields  are 
only  partly  represented  by  their  doubling  time.  Although  the 
chronology  of  research  on  AGR/BE  is  similar  to  OF  (beginning  in 
the  early  1980s),  cumulative  AGR/BE-publications  show  a  consid¬ 
erably  lower  doubling  time  (21=1.27  years)  than  OF.  OF/BE- 
publication  dynamic  with  a  doubling  time  of  1.30  years  is  almost 
not  differing  from  the  developments  in  AGR/BE. 

Table  1 

Doubling  time  of  scientific  publications  in  agricul¬ 
tural  science  (AGR)  and  its  sub-fields  (AGR/BE; 

OF;  OF/BE)  in  2004-2011. 


Field  of  research 

Doubling  time  (2004-2011 ) 

AGR 

1.93 

AGR/BE 

1.27 

OF 

1.81 

OF/BE 

1.30 

3.2.3.  Status  of  the  sub-fields 

According  to  the  search  results  1%  of  all  AGR-papers  are  related 
to  bioenergy  (AGR/BE).  Almost  twice  as  many  (2%)  are  related  OF. 
Despite  the  low  absolute  number  of  scientific  articles  in  the  field  of 
OF/BE,  the  percentages  show  that  BE  is  a  topic  in  OF-papers  almost 
twice  as  often  as  in  AGR-publications  in  general  (Table  2).  In  the 
field  of  OF  1.9%  of  all  research  papers  are  related  to  bioenergy 
whereas  only  1%  of  all  AGR-papers  are  related  to  bioenergy. 

3.2.  Distribution  and  structure  of  OF/BE-research 

The  distribution  of  scientific  publishing  generally  reveals  dis¬ 
tinct  patterns.  According  to  Bradford's  law  of  scattering,  the 
distribution  of  authorship  in  scientific  publishing  resembles  an 
exponential  function  [37].  In  the  present  study,  the  majority  of 
institutions  that  researchers  are  affiliated  with  were  engaged  in  no 
more  than  1  article  while  very  few  countries  and  institutions, 
respectively,  produced  the  majority  of  research  papers.  Results 
show  that  despite  the  small  number  of  articles  on  OF/BE  Bradford's 
law  on  the  distribution  of  scientific  output  applies  in  this  sub-field 
as  well. 

3.2.2.  Country  and  affiliation  of  authors 

Research  activity  represented  by  the  analyzed  research  articles 
is  mainly  concentrated  in  Europe  (Table  3).  The  most  important 
countries  for  researchers  in  the  field  of  OF/BE  are  Sweden, 
Germany  and  Denmark.  Researchers  from  these  3  countries 
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Table  2 

Number  of  articles  identified  for  the  timespan  1980-March  2012  in  the  different  fields  of  research  and  the  relative  share  of  their  sub-sets  (AGR/BE;  OF;  OF/BE). 


Field  of  research 

Number  of  articles 

Percentage  of  articles  from  the  field  of. 

AGR/BE 

OF 

OF/BE 

“agriculture”  (AGR) 

123,606 

1.0 

2.0 

0.04 

“agriculture”  AND  “bioenergy”  (AGR/BE) 

1,266 

100.0 

- 

3.6 

“organic  agriculture”  (OF) 

2,483 

- 

100.0 

1.9 

Table  3 

Regional  distribution  of  the  authors  contributing  to  46  research  papers  from  the  field  of  OF/BE  (regional/national  sums  may  not  equal  n=46  due  to  international 
co-authorship). 


Region 

Country 

Number  of  articles  (n=46) 

Europe 

36 

Sweden 

11 

Germany 

8 

Denmark 

7 

England;  Slovenia;  Spain 

2  each 

Austria;  Finland;  Greece;  Netherlands;  Romania;  Scotland;  Switzerland;  Turkey 

1  each 

America 

5 

United  States 

2 

Brazil;  Canada;  Chile 

1  each 

Asia 

5 

PR  China;  Philippines 

2  each 

Pakistan 

1 

Table  4 

Affiliations  of  the  authors  contributing  to  46  research  papers  from  the  field  of  OF/BE  and  the  institutions’  publication  activity  in  the  fields  of  OF  and  AGR/BE  (limited  to 
institutions  with  >  1  OF/BE  paper). 


Institutions  Number  of  articles  (rank  according  to  absolute  number  of  articles  published  in  the  field);  share  of  OF/BE  articles 


OF/BE 

OF 

AGR/BE 

Swedish  Univ.  of  Agricultural  Sciences,  SE 

11 

107  (3);  10.3% 

41  (2);  26.8% 

Aarhus  University,  DK 

6 

121  (2);  5.0% 

9  (21);  66.7% 

University  of  Hohenheim,  DE 

4 

21  (19);  19.0% 

11  (18);  36.4% 

Lund  University,  SE 

2 

12  (44);  16.7% 

13  (13);  15.4% 

Technical  University  of  Denmark,  DK 

2 

8  (83);  25.0% 

11  (18);  18.2% 

Justus  Liebig  University  of  Giessen,  DE 

2 

18  (26);  11.1% 

3  (-);  66.6% 

Johann  Heinrich  von  Thtinen  Institute,  DE 

2 

10  (61);  20.0% 

6  (40);  33.3% 

University  of  Maribor,  SLO 

2 

13  (40);  15.4% 

2  (-);  100.0% 

German  Biomass  Research  Centre,  DE 

2 

2  (-);  100.0% 

n.a. 

participated  in  the  publication  of  26  of  the  46  articles.  Authorship 
is  not  equally  distributed  among  institutions  but  rather  concen¬ 
trated  at  a  few  institutions,  mostly  universities.  Within  the 
countries  with  above  average  publication  frequency  (Sweden, 
Germany,  Denmark)  the  authors  are  mainly  concentrated  at  one 
or  two  research  institutions. 

With  their  contribution  to  all  11  Swedish  articles  researchers  at 
the  Swedish  University  of  Agricultural  Sciences  (SLU)  and  its 
associated  research  institutes  are  the  most  productive  in  the 
context  of  OF/BE  (Table  4).  In  Germany,  concentration  does  not 
seem  as  evident  since  authors  and  co-authors  of  a  total  of  eight 
articles  located  here  are  affiliated  with  four  different  research 
institutions.  However,  the  analysis  of  the  funding  institutions 
showed  that  six  of  the  eight  papers  originated  from  a  single 
research  project  at  the  Justus-von-Liebig-University  of  Giessen  and 
that  different  author  affiliations  simply  reflect  the  post-project 
employment  of  the  researchers.  Aarhus  University  and  the  Tech¬ 
nical  University  of  Denmark  on  the  other  hand  represent  two 
different  focal  institutions  of  Danish  research  in  OF/BE.  However, 
projects  seem  to  be  interrelated  and  cooperation  in  the  publication 


of  the  7  Danish  articles  suggests  connections  between  the  Danish 
institutions. 

Considering  the  publication  frequency  of  the  research  institu¬ 
tions  in  the  different  scientific  sub-fields,  the  most  prominent 
institutions  in  OF/BE-research  are  highly  active  in  publishing  in 
either  one  or  even  both  of  the  OF-  and  AGR/BE-fields  as  well 
(Table  4).  SLU  ranks  3rd  in  WoS  listed  publications  on  OF  and  2nd 
in  AGR/BE-papers.  The  Aarhus  University  even  takes  rank  2  in  WoS 
listed  OF-papers.  On  the  other  hand  Aarhus’  paper  output  in  the 
field  of  AGR/BE  is  only  ranking  21st.  Evidently,  there  is  some 
research  activity  on  AGR/BE  in  Aarhus  that  allows  for  a  synthesis 
with  the  prominent  OF  topic.  It  is,  however,  secondary  with  a  total 
of  less  than  10  research  articles  identified  in  this  study.  The  world's 
leading  institution  in  OF-publications  according  to  WoS,  Wagenin- 
gen  University  and  Research  Centre  in  the  Netherlands,  is  missing 
in  the  field  of  OF/BE-research.  Hence,  a  high  activity  in  organic 
agricultural  science  is  not  sufficient  inducement  for  engaging  in 
the  combined  research  field.  Not  even  when  in  addition  there  is  a 
considerable  engagement  in  AGR/BE-research  as  in  Wageningen, 
which  is  ranking  7th  in  agricultural  bioenergy  papers  in  general. 
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3.2.2.  Authors 

A  total  of  102  authors  contributed  to  OF/BE-papers,  averaging 
2.2  authors  per  article.  Collaborative  authorship  is  slightly  more 
prevalent  in  OF  (2.4  authors/article)  and  ACR/BE  (2.6).  The  field  of 
OF/BE  represents  a  niche,  a  sub-sub-field  of  AGR-  and  BE-research, 
respectively.  However,  among  the  18  authors  with  6  or  more 
published  papers  in  the  field  of  AGR/BE  there  are  9  who  also 
participated  in  publications  on  OF/BE.  All  6  authors  with  6  or  more 
research  articles  in  the  field  of  OF/BE  are  also  among  these  top  18 
contributors  to  AGR/BE-publications. 

3.2.3.  Journal 

The  46  articles  are  scattered  over  32  journals.  Only  8  journals 
published  more  than  one  article.  These  8  core  journals  account  for 
22  of  the  46  papers  in  OF/BE.  Several  journals  from  different 
disciplines  engaged  in  the  publication  of  the  articles.  Apart  from 
Biomass  and  Bioenergy  which  is  the  journal  with  the  most 
published  papers  (5)  and  Bioprocess  and  Biosystems  Engineering  (2), 
the  journals  with  2  or  more  research  papers  represent  a  clear 
agricultural  focus.  In  total,  15  of  the  32  journals  focus  on 
agricultural  or  agro-ecosystem  research  and  are  responsible 
for  24  of  the  46  papers.  Another  13  papers  have  been  published 
in  one  of  the  8  Energy/Biotechnology  journals.  The  remaining  9  articles 
were  found  in  9  different  journals  with  their  scope  in  various 
fields  such  as  earth  sciences,  environmental  engineering,  politics 
or  management. 

4.  Discussion 

4.1.  Status  and  development 

OF/BE  is  a  rather  new  field.  Research  at  the  intersection  of 
organic  agriculture  and  bioenergy  is  a  niche  in  agricultural  as  well 
as  in  bioenergy  science.  Although  this  is  self-evident  because  the 
study  narrowly  defined  the  relevant  corpus  of  literature  as  sub- 
sub-field  of  the  two  general  research  areas  AGR  and  BE,  it  may  be 
regarded  as  surprising — not  only  because  of  the  urgency  of  the 
two  topics  in  regard  to  current  sustainability  challenges  described 
above,  but  for  several  other  aspects: 

1.  Within  their  research  agendas  institutions  and  stakeholders  of 
the  organic  food  and  farming  sector  have  been  stating  bioe¬ 
nergy  as  a  pressing  future  topic  of  organic  agricultural  sciences 
[38,39].  Thereby  acknowledging  the  topic's  importance  and 
promoting  initial  research  efforts  in  this  direction. 

2.  There  have  also  been  calls  for  an  ecological  intensification  of 
organic  farming  systems  to  further  enhance  productivity  and 
energy  efficiency  [38,39],  This  is  no  novelty:  In  traditional 
Chinese  agriculture  e.g.  bioenergy  production  was  an  integral 
part  of  farming  systems.  Anaerobic  digestion  of  excreta  and 
biomass  residues  provided  gaseous  fuel  and  played  a  major  role 
in  nutrient  dynamics  and  continuous  soil  fertility  [4[.  It  is  their 
closed  cycles  for  which  these  traditional  production  systems 
can  be  compared  to  modern  organic  principles.  In  respect  of 
ecological  intensification  a  coherent  perspective  in  research 
efforts  on  modern  bioenergy  systems  such  as  biogas  and 
organic  farming  systems  would  be  perspicuous  as  well. 

3.  Also,  bioenergy  research  is  showing  growing  interest  in  sus¬ 
tainability  indicators,  regulations  and  biomass  certification 
schemes,  in  order  to  reduce  or  obviate  negative  repercussions 
of  modern  biomass  supply  for  bioenergy  systems  [40].  Organic 
certification  schemes  are  increasingly  harmonized  globally  and 
have  proven  efficient  and  functional  since  the  1980s  and  may 
also  be  applicable  for  biomass  production  in  organic  farming 
systems. 


With  these  aspects  in  mind  and  considering  that  in  recent  years 
(2004-2012)  according  to  WoS  there  have  been  210  research 
articles  in  the  field  of  agricultural  bioenergy  (AGR/BE)  concerned 
with  genetic  engineering,  46  AGR/BE-papers  relating  to  OF  in  that 
same  period  are  a  relatively  small  number. 

A  possible  explanation  for  this  underrepresentation  of  the  OF- 
topic  in  scientific  publications  on  renewable  and  sustainable 
bioenergy  might  be  the  focus  of  OF-research.  Research  on  OF  is 
largely  oriented  towards  knowledge  transfer  to  practitioners  [41]. 
A  common  self-conception  in  organic  agricultural  science  is  to 
serve  the  organic  sector  by  research  on  applied  problems.  In  this 
context  the  publication  of  results  in  peer-reviewed  journals  is 
often  not  a  priority.  This  may  contribute  to  the  relatively  few 
results  when  searching  for  OF/BE  via  WoS.  A  consideration  of  "grey 
literature”  might  lead  to  a  different  evaluation. 

The  relatively  low  absolute  number  of  OF/BE-papers  is  also  a 
sign  of  the  early  stage  of  OF/BE-research.  For  a  newly  emerging 
sub-field  in  AGR/BE  research,  however,  it  does  not  develop  very 
dynamically.  As  the  results  have  shown  relative  publication 
growth  as  well  as  the  doubling  time  in  OF/BE  closely  resemble 
those  in  the  well-established  field  of  AGR/BE.  Since  the  general 
dynamic  in  AGR/BE  publication  is  not  linear,  this  is  strong  evidence 
that  OF/BE  is  a  sub-field  of  AGR/BE  without  independent  dynamic. 


4.2.  Structure  and  distribution 

The  descriptive  analysis  of  the  bibliometric  data  yielded  infor¬ 
mation  on  the  structure  and  characteristics  of  the  research  field. 
According  to  the  results  on  author's  affiliation  as  well  as  the 
journals’  aims  and  scope,  the  focus  of  OF/BE-research  is  clearly 
agricultural  in  the  sense  that  predominantly  agricultural  scientists 
concerned  with  organic  farming  play  a  leading  role  in  the 
connection  with  bioenergy  research  and  publish  their  findings  in 
mostly  agricultural  journals.  So  while  the  research  perspective  is 
agricultural  and  in  many  cases  organic  agricultural,  the  develop¬ 
ment  is  closely  related  to  AGR/BE  in  general. 

Journals,  institutions  and  authors  with  a  background  in  engi¬ 
neering  and  biotechnology  are  represented  far  less.  This  may  be 
due  to  the  constraints  that  small  niches  are  facing  in  science 
funding  and  publishing.  Technology  development  or  research  in  a 
niche  might  not  be  as  rewarding  scientifically  speaking  and 
probably  not  as  promising  from  a  commercial  viewpoint.  Struc¬ 
tural  barriers  to  new  topics  or  approaches  in  technoscientific 
sustainability  research  resulting  from  political  fixes  and  scientific 
paradigms  [42]  may  also  be  relevant  for  a  rather  slow  integration 
of  OF  and  BE. 

In  addition  to  the  rather  fragmented  nature  of  biomass  research 
in  general  [43],  the  OF/BE-subject  is  of  interdisciplinary  character. 
Organic  farming  for  food  by  itself  is  a  complex  system  and  the 
investigation  of  OF-systems  requires  trans-  or  multidisciplinary 
perspectives  [44,26],  A  connection  with  bioenergy  will  broaden 
the  scope  of  research  and  increase  the  complexity  of  the  topic 
even  further.  This  assumption  is  supported  by  the  thematic 
diversity  of  the  publishing  journals  found  in  the  present  study. 
Furthermore,  this  may  lead  to  barriers  for  research  institutions  to 
engage  in  OF/BE  when  they  are  lacking  expertise  in  one  of  the 
relevant  areas.  This  is  also  reflected  in  the  results  when  consider¬ 
ing  that  the  most  active  institutions  in  OF/BE-publications  are  also 
active  in  either  OF  or  AGR/BE  or  both.  However,  expertise  in  both 
OF  and  AGR/BE  does  not  automatically  lead  to  combined  research 
activity  in  OF/BE.  The  absence  of  the  Wageningen  University  in  the 
sample  of  analysis  is  evidence  for  that.  Also,  the  United  States  as 
the  most  active  country  in  biomass  research  [45]  as  well  as  OF- 
and  AGR/BE-publications,  is  represented  with  only  2  OF/BE-arti- 
cles.  It  may  well  be  assumed,  that  it  takes  special  interest  of  at 
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least  one  of  the  actors  (politics,  funding  institutions,  researchers) 
for  scientists  to  engage  in  combined  research  efforts  on  OF  and  BE. 

Furthermore,  the  authors'  high  publication  activity  in  the 
general  fields  of  OF  and  BE,  respectively,  indicate  a  strong  personal 
expertise  of  researchers  involved  with  OF/BE  research.  Thus,  it 
may  be  assumed  that  apart  from  the  institutions'  focus  the 
individual  expertise  and  research  interests  of  scientists  are  of 
great  importance  for  a  combination  of  the  two  fields. 

4.3.  Perspective  and  conception 

The  present  study  concentrated  on  the  quantitative  character¬ 
istics  of  the  1S1  Web  of  Science  database  information  only  and  did 
not  analyze  papers'  contents  in  detail.  However,  the  integration  of 
OF-  and  BE-research  may  be  conceived  from  different  perspec¬ 
tives:  (i)  OF  integrating  BE;  (ii)  BE  utilizing  resources  from  OF; 
(iii)  interrelations  and  influences  of  OF  and  BE  as  unintegrated 
parallel  pathways.  All  of  which  were  identified  in  the  analyzed 
corpus  of  literature  and  could  be  investigated  further. 

The  research  community's  strong  interest  in  questions  of 
bioenergy  [45]  and  agricultural  sustainability  is  a  sign  for  the 
topics'  continuous  relevance  in  regard  to  current  global  challenges 
in  energy  production  and  farming.  Reflecting  this  relevancy,  the 
so-called  Knowledge-Based  Bio-Economy  (KBBE)  has  gained  pro¬ 
minence  as  agricultural  research  and  development  agenda  in  the 
European  Union  (EU)  [46].  In  the  context  of  the  KBBE  and  the  EU 
already  being  the  center  of  OF/BE-research  our  results  underline 
that  a  coherent  view  on  OF/BE  in  the  EU  might  be  a  rewarding  field 
for  future  research. 


5.  Conclusions 

The  combination  of  organic  farming  and  bioenergy  research  is 
not  only  representing  a  niche  in  agricultural  as  well  as  bioenergy 
science,  but  also  a  fairly  new  one  that  has  largely  been  driven  by 
few  focal  institutions  in  Europe.  From  the  mostly  agricultural 
backgrounds  of  the  institutions  as  well  as  the  journals  involved 
in  the  publications,  we  conclude  that  research  interest  in  OF/BE  is 
focused  on  agricultural  systems  rather  than  bioenergy  technology 
and  engineering. 

The  study  has  shown  that  despite  the  small  absolute  publica¬ 
tion  counts  in  the  case  of  OF/BE-research  a  comparative  sub-field 
analysis  in  the  fields  of  agricultural  science  and  renewable  energy 
is  possible.  A  characterization  of  niche  topics,  such  as  OF/BE,  with 
simple  descriptive  scientometric  methods  is  feasible  and  may  yield 
valid  information  for  the  various  stakeholders  concerned  with 
science  policy  as  well  as  the  renewable  and  sustainable  energy 
research  community.  Although  we  thoroughly  investigated  the 
structure  of  the  research  field  as  such,  a  comprehensive  content 
analysis  of  research  literature  on  OF/BE  that  could  emphasize 
research  contents  and  reveal  research  gaps  is  still  missing. 
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